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ABSTRACT 
A new b raze  a l l o y ,  des igna ted  P a l n i r o  RE, w a s  developed e s p e c i a l l y  
f o r  use  on t h e  Hypersonic Research Engine. The braze  a l l o y  composition 
is 55 w/o Gold-30 w/o Nickel-15 w/o Palladium, and i t  has a nominal 
braze  temperature of 2025 degrees  F. 
provided d a t a  on mel t ing  temperature,  w e t t a b i l i t y  and f i l l e t i n g ,  a l loy ing  
and i n t e r g r a n u l a r  pene t r a t ion  wi th  P a l n i r o  1; r e m e l t  and d i f f u s i o n  wi th  
P a l n i r o  1 and P a l n i r o  4 ,  and creep rup tu re  s t r e n g t h  when used for  braz ing  
of p l a t e - f i n  f l a t  pane ls .  
creep rup tu re  s t r e n g t h  of P a l n i r o  1. The creep rup tu re  tests show t h e  
P a l n i r o  RE t o  be  weaker than P a l n i r o  1 o r  P a l n i r o  4 .  P a l n i r o  RE i s  n o t  
s u i t a b l e  f o r  use i n  braz ing  p l a t e - f in  s h e l l s  t h a t  ope ra t e  a t  the  h ighes t  
engine temperature;  however, i t  i s  s u i t a b l e  f o r  use i n  braz ing  t h e  manifolds 
t o  t h e  s h e l l  s t r u c t u r e s .  
The eva lua t ion  of t h i s  b raze  a l l o y  
I n  add i t ion ,  an eva lua t ion  w a s  made of t h e  
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1.0 FLAT PANEL RUPTURE AND BRAZE ALLOY EVALUATION 
1 . 1  PALNIRO RE BRAZE ALLOY EVALUATION 
I I I I n t r o d u c t i o n  
The need has been apparent f o r  an a d d i t i o n a l  b raze  a l l o y  for  use on the 
HRE s t r u c t u r e  i n  b r a z i n g  subassemblies and i n  i n te rmed ia te  b r a z i n g  opera t i ons  
i n v o l v e d  i n  assembling the  s t r u c t u r e s .  
I e I o  2 Tes t  Procedure 
A m o d i f i c a t i o n  o f  the  g o l d - n i c k e l - p a l l a d i u m  s e r i e s  o f  a l l o y s  was o f f e r e d  
f o r  e v a l u a t i o n  by Western Gold and Plat inum, des ignated  P a l n i r o  RE, w i t h  a 
compos i t ion  o f  55 W / O  Gold - 30 W/O N i c k e l  - 15 W/O Pal ladium, and nominal 
b raze  temperature o f  2025OF. A supp ly  of t he  a l l o y  i n  the  form of  0.001 i n .  
t h i c k  f o i l  and o f  powder (325 mesh) was p rocu red  and eva lua ted  bo th  f rom the 
sLandpoint  o f  i t s  b r a z i n g  c h a r a c t e r i s t i c s  and i t s  s t r e n g t h  a t  h i g h  tempera- 
t u r e  when used i n  f i n - s k i n  j o i n t s  of  a f l a t  t e s t  panel. 
To determine the  b r a z i n g  c h a r a c t e r i s t i c s  o f  the  a l l o y ,  a s e r i e s  o f  small  
samples was brazed t o  determine the a c t u a l  m e l t i n g  range, the  w e t t a b i l i t y ,  
and the  f i l l e t i n g  c a p a b i l i t y  o f  the  a l l o y ,  
m e t a l l o g r a p h i c a l l y  t o  measure a l l o y i n g  and i n t e r g r a n u l a r  pene t ra t i on .  F i n a l l y ,  
a s e r i e s  o f  specimens was prepared by f i r s t  making j o i n t s  o f  P a l n i r o  4 and 
P a l n i r o  I a l l o y ,  then re -b raz ing  w i t h  P a l n i r o  RE on the h i g h e r  m e l t i n g  p o i n t  
a1 loys .  
Samples were prepared and examined 
I e 1 e 3 Resu? t s  
1.1.3.1 M e l t i n q  Temperature 
The s o l  idus  and 1 i qu idus  temperatures were determined v i s u a l l y  t o  be 1980OF 
and 200OoF r e s p e c t i v e l y .  
1.1.3.2 W e t t a b i l i t y  and F i l l e t i n g  
The a b i l i t y  o f  t h e  a l l o y  t o  wet  and f i l l e t  the  l e n g t h  o f  a T - j o i n t  f rom 
a smal l  p rep laced supp ly  a t  one end was determined t o  be e x c e l l e n t .  The 
H a s t e l l o y  X specimens were brazed i n  a vacuum furnace a t  2025OF. 
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I .  I .3.3 A l l o y i n q  and I n t e r q r a n u l a r  P e n e t r a t i o n  
The T - j o i n t  specimens used f o r  d e t e r m i n a t i o n  o f  w e t t a b i l i t y  and those 
used i n  e v a l u a t i o n  of i n t e r a l l o y i n g  w i t h  P a l n i r o  I were sec t i oned  f o r  measure- 
ment o f  a1 l o y i n g  and i n t e r g r a n u l a r  p e n e t r a t i o n .  Less than 0.001 in.  a1 l o l i n g  
and p e n e t r a t i o n  was measured, as shown by F i g u r e  1 .  
I .  1.3.4 Remelt and D i f f u s i o n  
Specimens o f  T - j o i n t s  were brazed w i t h  P a l n i r o  4 (217OOF) and P a l n i r o  I 
(207OOF). 
o r i g i n a l  j o i n t .  F i n a l l y  a supp ly  o f  P a l n i r o  RE was p laced  on t h e  braze f i l l e t  
on the s i d e  o p p o s i t e  t h e  tab  and the  specimen was c y c l e d  a t  2025OF, the b r a z i n g  
temperature f o r  P a l n i r o  RE. Examinat ion o f  t he  specimens a f t e r  t h i s  c y c l e  
i n d i c a t e d  t h a t  reme l t  o f  t he  P a l n i r o  I and/or m i g r a t i o n  o f  P a l n i r o  RE had 
taken place. There was no i n t e r a c t i o n  w i t h  P a l n i r o  4. The r e s u l t s  o f  t h i s  
d e t e r m i n a t i o n  i n d i c a t e  t h a t  P a l n i r o  I cannot be depended upon as a b a r r i e r  
t o  P a l n i r o  RE f l o w  d u r i n g  s t e p  b r a z i n g  o p e r a t i o n s  whereas P a l n i r o  4 does 
p resen t  a b a r r i e r  t o  the  P a l n i r o  RE f low.  
Then a tab  was a t tached  t o  the  specimen a t  r i g h t  angles w i t h  the 
1.2 PALNIRO RE CREEP RUPTURE STRENGTH EVALUATION 
I .  2. I I n t r o d u c t i o n  
Tes t  da ta  were ob ta ined  f o r  t h r e e  f l a t  panel  specimens f o r  creep r u p t u r e  
t e s t i n g .  These panels  were the same type as used p rev ious l y ,  i.e., two-by- 
t h r e e  in.  f l a t  panels, w i t h  28R-0.050-0. 100-0.006 f i n s .  They a re  i d e n t i f i e d  
as SK51268-8 (S/N 7, 8, and 9). These t e s t s  were conducted t o  o b t a i n  com- 
pa r i sons  w i t h  t h e  e l e v a t e d  temperature s t r e n g t h s  o f  P a l n i r o  4 and P a l n i r o  1 .  
1.2.2 Tes t  Procedures and Resu l t s  
Table I summarizes the t e s t  d a t a  and t e s t  r e s u l t s .  The f i r s t  two t e s t s  
were performed a t  a temperature o f  16OOOF. When the  somewhat lower s t ren3 :hs  
than those achieved w i t h  P a l n i r o  4 and P a l n i r o  I were observed, the t h i r d  
specimen was t e s t e d  by i n c r e a s i n g  the  pressure i n  increments acco rd ing  to  the  
d i s c r e t e  t ime i n t e r v a l s  noted i n  Table I. The f i n - s t r e n g t h  e f f i c i e n c y  shown 
i n  the t a b l e  f o r  the t h i r d  specimen has been computed on the  b a s i s  o f  t he  
i n d i c a t e d  pressure- t ime h i s t o r y .  
Test  Data Reduct ion 
The nominal f i n  s t resses  ( 0  ) were computed on the  b a s i s  o f  an assumed 
f i n  s t r e n g t h  e f f i c i e n c y  o f  1.0. The pub1 ished (otheor ) creep r u p t u r e  s t resses  
were used f o r  S/N 7 and S/N 8 based upon the e lapsed t ime t o  creep rupture.  
The f i n - s t r e n g t h  e f f i c i e n c y  f o r  these specimens was then computed as the r a t i o  
between nominal f i n  s t r e s s  and p u b l i s h e d  creep r u p t u r e  s t ress .  These va lues 
were 0.254 f o r  S/N 7 and 0.259 f o r  S/N 8. 
nom 
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a. P a l n i r o  I Brazed a t  207OoF i n  Vacuum. 
MAG 75X PHOTO 1315 
b. Pa ln i ro  RE Brazed a t  2025OF i n  Vacuum. 
MAG 75X PHOTO 1316 
F-9362 
F i g u r e  I .  Photomicrographs of H a s t e l l o y  X T - j o i n t s  Brszed Wi th  P a l n i r o  I 
and P a l n i r o  RE a t  Area o f  Braz ing  A l l o y  Placement. E x c e l l e n t  
F i l l e t i n g ,  Wett ing, and Flow Was Obta ined Wi th Less Than 0.001 
in.  Combined A1 l o y i n g  and I n t e r g r a n u l a r  Penet ra t ion .  Etched With 
Ka l1  i n g ' s  Reagent. 
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TABLE I 
PALNIRO RE CREEP RUPTURE TEST RESULTS 
Tempe r a t  u re, 
OF 
1600 
Test  
Pressure, 
p s  i 
IO00 
- 
I600 800 
800 
IO00 
I 
I400 I200 
I 1500 
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Ca l cu la ted  F i n  
S t ress  a t  Pressure 
f o r  f = 1.0 
4950 
3960 
3960 
4950 
61 80 
7420 
Time, 
h r  
2.75 
8. 75 
51.3 
10.0 
10.0 
3. I 
0 
theor  
19,500 
15,300 
16,800 
20,800 
26,000 
31,200 
F i n  S t reng th  
E f f i c i e n c y ,  f 
0.254 
0.259 
0.238 
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The approach was somewhat m o d i f i e d  t o  o b t a i n  t h e  s t r e n g t h  performance f o r  
S / N  9. The b a s i c  premise used t o  o b t a i n  t h i s  number was t h a t  the f i n - s t r e n g t h  
e f f i c i e n c y  d u r i n g  each segment o f  the t e s t  was i d e n t i c a l .  An es t ima ted  f i n -  
s t r e n g t h  e f f i c i e n c y  o f  0.30 was used t o  o b t a i n  t h e o r e t i c a l  f i n  s t resses  d u r i n g  
each p o r t i o n  o f  t he  t e s t .  The t h e o r e t i c a l  nuwber o f  h o u r s - t o - f a i l u r e  wa;  then 
ob ta ined  f o r  each p o r t i o n  o f  the t e s t  f rom pub l i shed  da ta  a t  14OOOF. 
l i fe-damage f r a c t i o n  f o r  each t e s t  segment was then computed t o  be the t e s t  
t ime d i v i d e d  by t h e  t h e o r e t i c a l  f a i l u r e  time. These damage f r a c t i o n s  were 
summed up, and the  t o t a l  damage f r a c t i o n  was computed t o  be 0.233. The p r o -  
cedure was repeated for  assumed f i n - s t r e n g t h  e f f i c i e n c i e s  o f  0.25 and 0.225, 
and the corresponding damage f r a c t i o n s  were found t o  be 0.721 and 1.401 
r e s p e c t i v e l y .  The damage f r a c t i o n s  were then p l o t t e d  versus f i n  s t r e n g t h  
e f f i c i e n c i e s  on l o g - l o g  paper and produced a s t r a i g h t  l i n e  r e l a t i o n s h i p .  The 
f i n - s t r e n g t h  e f f i c i e n c y  o f  0.238 was o b t a i n e d  f o r  a l i fe-damage f r a c t i o n  o f  
1.0, which was the  d e s i r e d  r e s u l t .  T h i s  procedure can be a p p l i e d  t o  any 
creep r u p t u r e  t e s t  t h a t  i s  performed a t  more than one load- t ime segment. I n  
essence, i t  i s  based upon the hypo thes i s  t h a t  f a i l u r e  occurs when the  summa- 
t i o n  o f  t h e  l i f e  damage f r a c t i o n s  i s  equal t o  1.0, and t h a t  the s t r e n g t h  
e f f i c i e n c y  i s  t he  same d u r i n g  each t e s t  segment. 
The 
1.3 PALNIRO I CREEP RUPTURE STRENGTH EVALUATION 
1.3. I I n t r o d u c t i o n  
S i x  2 by 3 in. f l a t  panel p l a t e  and f i n  t e s t  specimens were f a b r i c a t e d  
and creep r u p t u r e  t e s t e d  t o  o b t a i n  comparisons w i t h  P a l n i r o  4. Three s p e c i -  
mens, SK51268-6, u t i  1 ized 20R-0-050-0. 100-0.006 Has te l  l o y  X f i n s  and t h r e e  
specimens, SK51268-8, i nco rpo ra ted  28R-0.050-0.100-0.006 Has te l  l o y  X f i n s .  
1.3.2 Tes t  Procedures and Resu l t s  
A l l  t e s t s  were conducted a t  16OOOF. A t a b u l a t i o n  o f  these r e s u l t s  and 
appl i e d  pressures i s  presented i n  Table 2. An average f i n  s t r e n g t h  e f f i c i e n c y  
o f  41.8 pe rcen t  was a t t a i n e d  w i t h  the 20R f i n s  compared t o  42.3 pe rcen t  r )r 
P a l n i r o  4, and an average f i n  s t r e n g t h  e f f i c i e n c y  a t t a i n e d  w i t h  the 28R f i n s  
was 33.2 pe rcen t  compared t o  37 pe rcen t  f o r  P a l n i r o  4. 
1.4 CONCLUSIONS 
The P a l n i r o  I braze a l l o y  o f f e r s  creep s t r e n g t h  p r o p e r t i e s  t h a t  a re  
v i r t u a l l y  t he  same as those o b t a i n e d  w i t h  P a l n i r o  4. For  f i n  p ressu re  con- 
ta inment P a l n i r o  I may be used i n  p l a c e  o f  P a l n i r o  4. The r e d u c t i o n  i n  f i n -  
s t r e n g t h  e f f i c i e n c y  i n  go ing from 20R t o  28R f i n s  i n d i c a t e s  t h a t  t he  l i m i t i n g  
f a c t o r  i n  o v e r a l l  s t r e n g t h  t r a n s f e r s  f rom the  f i n  i t s e l f  t o  the brazed f i n  
j o i n t  s t reng th .  However, t h e r e  i s  s t i l l  an improvement i n  p ressu re  c a p a b i l i t y  
o f  more than 20 pe rcen t  i n  go ing  f rom 20R t o  28R f i n s .  
The t e s t s  c a r r i e d  o u t  i n d i c a t e d  P a l n i r o  RE t o  be weaker than P a l n i r o  I 
o r  P a l n i r o  4. T h i s  appears t o  be e s s e n t i a l l y  due t o  a decrease i n  j o i n t  
s t reng th .  The braze a l l o y  i s  n o t  s u i t a b l e  f o r  usage i n  b r a z i n g  f i n s  f o r  
c r i t i c a l  p ressu re  containment areas t h a t  operate a t  e l e v a t e d  temperatures. 
The main area o f  a p p l i c a t i o n  f o r  t h i s  a l l o y  w i l l  be f o r  j o i n i n g  m a n i f o l d  
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TABLE 2 
PALNIRO I CREEP RUPTURE TEST RESULTS 
C a l c u l a t e d  F i n  
S t r e s s  a t  P r e s s u r e  Time, 0 F i n  S t r e n g t h  
f o r  f = 1.0 h r  t h e o r  E f f i c i e n c y ,  f 
58 50 11.6 14,400 0.406 
5850 12.0 14,200 0.413 
1 
58 50 15.6 13,700 0 .433 
4950 11.3 14,600 0.339 
4950 8 .8  15,200 0.327 
4950 9.3 15,000 0.330 
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s t r u c t u r e s  t o  the  s t r u c t u r a l  s h e l l s .  Metal  temperatures i n  these l o c a t i o n s  
w i l l  be l e s s  than 1200°F, f o r  which the  creep r u p t u r e  f a i l u r e  becomes less  
impor tant  than the  s h o r t - t i m e  c a p a b i l i t y .  S ince the  s h o r t - t i m e  s t r e n g t h  
e f f i c i e n c i e s  have g e n e r a l l y  been 50 t o  100 pe rcen t  l a r g e r  than the  creep 
s t r e n g t h  e f f i c i e n c i e s ,  t h e  sho r t - t ime  s t r e n g t h  e f f i c i e n c y  w i t h  P a l n i r o  RE 
should exceed 40 percent .  Since t h i s  i s  g r e a t e r  than t h e  33 percen t  s t r e n g t h  
e f f i c i e n c y  number t h a t  has been used t o  determine a l l  margins o f  sa fe ty ,  the 
a1 l o y  w i l l  be acceptable f o r  m a n i f o l d  braze j o i n t s .  
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